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INTRODUCTION
Longleafpine savannasandwoodlandsarefamousforhighlevelsof speciesrichnessin thegroundcover

vegetation(PeetandAllard 1993). Maintainingthis diversity, andrestoringit to degradedsavannas,is animportant
goal of ecologicalrestorationin thesoutheasternUSA. Two techniquesfor accomplishingtheseobjectivesare
prescribedburningandseed/seedlingintroductions(Luken 1990). In fact, a combinationof thesemethodsmaybe
necessary,sincefireregimemay influencesuccessfulestablishmentof reintroducedspecies.

In this paper,we summarizeresultsto dateof threelong-termstudies,eachof whichdealswith effectsof
fire regimeson longleafpinegroundcovervegetation. In addition,oneof the studiesalsoincludesseed/seedling
introductiontreatments,therebyallowing testingof effectsof fire regimeson establishmentof new species.

TIGER CORNERSTUDY
TheTigerCornerstudy is a long-termstudyofthe effectsoffrequencyofburning, ongoingsince1959.

Study plots arelocatedalongTigerCornerRoadin theFrancisMarionNationalForest,southof Jamestown,SC,
Thehabitat is wet savannaor flatwoods. Canopydorninantsncludelongleaf, loblolly, andpondpines. Thestudy
employsa randomizedblock design,with four replicatesof five frequenciesof fire: fire returnintervalsfrom 1-4 yrs
plus unburned. All plots,excepttheunburnedones,weresampledat theendof thefirst growing seasonafterfire,
during 1992-1993. Samplingattheendof thefirst growingseasonafterburningeliminatedconfoundingbetween
frequencyof burnandtimesincebum,a problemin mostpriorstudies. In eachplot, all standinglive biomasswas
harvestedfrom eightcircular0.25m2subplots.To control for confoundingdueto microtopography/drainage,
subplotswererandomlylocatedwithin a narrowrangeof elevationscommonto all plots.

Resultsof this study indicatecleareffectsof fire frequencyon speciesrichnessandcompositionof
groundcovervegetation. Speciesrichnessdecreaseslinearlywith increasesinbetweenfire intervals. At the scaleof
0.25 in2, a changefrom annualto quadrennialburningresultedinanapproximately50%lossof species. A
CANOCO (seeterBraak1987) ordinationindicatedthat increasingintervalbetweenfireswasassociatedwitha
significant (eigenvalue= 0.24, varianceexplained= 14.6%,P < .05)shift in groundcoverspeciescomposition.This
shift was due to increasesin theimportanceof woodysproutsanddecreasesin herbaceousplantsin the less
frequentlyburnedplots. Ordinationsrun separatelyforwoody andherbaceousplantsfailedto indicatea significant
effectof frequencyof burning,suggestingthat, within thesebroadlydefinedgroups,speciesaresimilarwith respect
to fire tolerance.

ln general,our resultsareconsistentwithpreviousstudieswhichhaveemphasizedtheimportanceof
frequentfire for maintainingspeciesrich groundcoverin pinesavannas(Peetet al. 1983,Waldropetal. 1992,
Mehlman 1992). In addition,we wereableto demonstrateanimportanteffect offire frequency(i.e., historyof
frequentburning) independentof theeffect of timesincelastburn.

ST. MARKS STUDY
This long-termstudyis ongoingsince1980. It includestwo factors:(1) habitat(theblockingfactor),and

(2) seasonof burn. Habitatsaresandhillandflatwoods. Within eachhabitat,eightseasonof burntreatmentsare
randomlyassignedto 2-5 haplots. Treatmentsarereplicatedtwicewithin habitats,fora totalof 16 plotsperhabitat
(block). The eight seasonof bumtreatmentsarespacedat roughlysix weekintervalsthroughouttheyear. A variety
of differentkinds of datahavebeencollectedon groundcovervegetationin theseplots, includingdataon
compositionalchangesovertime in standingbiomassandone-time(1988-1989)surveysof speciesfrequenciesin
0.25m2 subplots(seealsoStrenget al. 1993).

In contrastto theTigerCornerStudy,theSt. Marks studyhasnot demonstratedobviousandconsistent
effectsof theexperimentalfactoron groundcovercomposition. CANOCOordinationsof biomasscompositional
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changeshavebeenlargely non-significant(P’s> 0.20),exceptinonecase(sandhillbiomasscompositionalchanges
between1988and 1994)whereseasonof burnexplainedasmall,but statisticallysignificantpercentage(6%)of the
variation in thespeciesdata. RepeatedmeasuresANOVAs alsohavenot yet indicatedasignificanteffectof season
of bumon changesovertime in speciesrichnessof thebiomass(Fs < 1.0;P’s >0.10;df=7,8; for thetwo habitats).

Theseresultsdo not necessarilymeanthatseasonofbum isunimportantfor longleafpinegroundcover
vegetation.Previousstudieshavedemonstratedsignificanteffectsof thisfactorontreemortalitypatterns
(Glitzensteinetal. 1995)andon sexualandclonalreproduction(Plattetal. 1988,Strengetal. 1993,Brewerand
Platt 1994a,b).Ourresultsdo indicate,however,thateffectsof seasonof burnarevariableandlong-termtrendsare
slowto develop.This is because(a) mostgroundcoverspeciesseemableto surviveandresproutafter fires
regardlessof whentheyoccur,and(b) establishmentof newseedlingsis limited by competitionand-frequentfire.
Thuslong-termchangesassociatedwith fire effectson sexualreproductionmaybeveryslowto develop.

WAMBAW STUDY
This final experimentalstudy,alsolocatedin theFrancisMarionNationalForest,hasbeenongoingfor five

years. Like theothertwo studies,it is acompleterandomizedblockexperiment Theblocksarelocatedin three
longleafpine-dominatedhabitatsdifferingin drainageandsurfacesoils (thesewill bereferredto henceforthasthe
“wet”, “mesic” and“dry” sites). Within eachblock therearethreereplicatesof sevenburningtreatments:(1) winter
burnseverysix years,(2), winterbumsevery4 yrs, (3) winterburnsevery2 yrs, (4) summerburnsevery4 yrs, (5)
summerburnsevery2 yrs, (6) summerbumson averageevery4 yrs, butwith randombetweenfire intervals
determinedby samplingfrom aPoissondistribution, (7) summerburnsevery2 yrs; betweenfire intervalsselected
asin #6. Becauseof thelargenumberof plots, fire treatmentsandvegetationcensusesarestaggered,with onesetof
sevenplots ateachhabitatinitiated in eachof threesuccessiveyears(1993-1995).

Severaltypesof dataarecollectedon groundcovervegetationcompositionin theseplots. Theseinclude
dataon rarerspeciesc.ollectedfrom variableareatransects(VATs) aswell asdataon all speciescollectedfrom six
permanentlylocated1.5 m x 2.0 m subplots. In eachplot, threerandomlyselected1.5 mx 2.0m subplotsalsoserve
as introductionsitesfor experimentalseedadditions. Seedsusedin thispartof theexperimentaremostlymachine
harvested(WoodwardFlail-Vac)from avariety ofhighquality siteswithin andoutsideof theFrancisMarion
NationalForest. Sitesareselectedwhich containatleastonecommongroundcoverspeciesnot currentlypresentin
thefire studyplots. In additionto addingseeds,therearealsotwo typesof seedlingadditionplots: (1) 3 1.5m x 4.0
m subplotspermainplot containingplantedgrassseedlingsof threespecies[southernwiregrass(Aristida
beyrichiana),toothachegrass(Cteniumarornaticum), andIndiangrass(Sorghastrumnutans)I,and(2) subplots
containingseedlingsof Parnassiacaroliniana, arareforb (seeGlitzensteinetal., thisvolume,for detailsonthe
Parnassiasubplots).

To date, importantresultsof this experimentincludethefollowing:

1) Effects of theseedintroductiontreatmentswere highiy site specific. CANOCOordinations
(Before-After-Control-Impactdesign,inwhichthenon-seedadditionsubplotsrepresentedthe
controls)indicatedsignificant(eigenvalues= F < .05)effectsof seedadditionsatthemesicand
wetsites,but not atthedry site. Thesesignificanteffectswereduelargelyto wiregrass(Aristida
beyrichiana;seePeet1993). This species,a dominantgroundcoverplant throughoutmuchof the
rangeof longleafpine(Peet1993),doesnotpresentlyoccurin theFrancisMarionNationalForest,
butdid occurat two ofthe donorsites(WebbCenter,HamptonCounty,SC;TillmanPreserve,
JasperCounty,SC). Following seedadditions,wiregrassseedlingswerepresentin alarge
majority of introductionsubplotsatthemesicsite (32 of 39 subplotsthusfar recensused= 82%),a
smallerpercentageof subplotsatthewetsite (21/33 = 64%)andonly afew subplotsatthedry site
(6/36 = 16.7%). Thesepercentagesarefor seedlingswhichhadnotyet experiencedafire.
Followingfires, mostof thesubplotsatthemesicsite into whichwe hadintroducedwiregrass
were still inhabitedby seedlingsof thisspecies(14/16= 87.5%). Comparablepercentagesatthe
wet anddry sitesare69%(9/13)and0.0%(0/2), respectively.Thus,it appearsthatwiregrass
seedlingsarewell establishedat the mesicandwet sites,butnotatthedry site.
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If wiregrassis excludedfrom theordinationanalyses,thereis no longerasignificant
effect of seedintroductionson groundcovercompositionatthewetsite(F> 0.20). However,the
mesicsite CANOCO is still marginallysignificant(P approximately0.10). Thiswasapparently
dueprimarily to sparseestablishmentof severalspeciesnot previouslypresentatthis site,
includingSilphiumcompositum,Chrysopsisgossypina,andHelianthusradula. Interestingly,two
of thesespeciesalreadyoccuratthediy site, buttheseedadditionsdid notenhancetheseexisting
populations.

Theprimary conclusionfrom theseresults is that introduction via seedis difficult, except
for wiregrass. This result is consistentwith theory aswell asresults of introduction studiesfrom
other regions. For example,Tilman (1994)suggeststhat dominant bunchgrassesare typically
superior competitors to forbs and grasseswhich spreadclonally. Furthennore,he (Tilman 1997)
foundthat, exceptfor heavy-seededlegnmesandsomegrasses,seedadditionsweregenerally
ineffective in oaksavannaandold field plots inMinnesota.

2) Threeyearsafteroutplanting,survivorshipof outplantedtoothachegrassandwiregrassclumps
exceeds70%exceptatthedry site, wheretoothachegrasssurvival hasnowfallen to under50%.
Low survival of toothachegrassatthissite is not unexpected,sincethis grassis normallylimited
to wet savannas.Moreinterestingly,wiregrasssurvivalnowexceedstoothachegrasssurvivalat
all sites,eventhosesiteswheretoothachegrassmightbe expectedto havetheadvantage.Early
indicationsarethatthesedifferencesaredueto two attributes;first, wiregrasshassuperiorsurvival
duringlongerperiodswithoutfire; andsecond,wiregrassis moreresistantthantoothachegrassto
particularly intensefires. Indiangrassplugshavenot beenin thefield aslongasthe othertwo
species,but short-termresults(1 growingseason)suggestthatthis grassalsocanbe successfully
outplanted into frequently burned groundcoverwith little or no additionalsitepreparation.

Dataon wiregrasstiller gro~~th ~x’erecollectedfor the 1996 growingseason.When
correctedfor effectsof plant size, thesedatademonstratedstatisticallysignificantoralmost
significantpositiverelationshipsbetweenfrequencyofburningandtiller growthfor thedry and
wet sites(?s=0.55,0.37;P’s=.O5,.14;df=l,5). However,atthemesicsite therewasno effectof
fire frequencyon wiregrasstiller growth (r2 0.00,F> 0.50, df~1,5). A possibleexplanationis
that groundcoveratthewetanddry sitesis shrub-dominated,whereasatthe mesicsite grassesare
thedominantgroundcoverspecies.At thetwo shrub-dominatedsitesperiodsof fire exclusionare
accompaniedby rapidincreasesin competitionaswoodysproutsincreaseinsize,resultingin
suppressionof wiregrasstiller growth. At thegrass-dominatedmesicsite,periodsof fire
exclusionapparentlydo not producesimilarly rapidincreasesin competitionintensity.

3) Thoughall thedataarenot yet analyzed,resultsto dateindicateinterestingdifferencesamong
speciesin responseto fire exclusionorvariablebumingintervals.For example,atthedry site,
certainspecies(e.g., Siiphiumcompositum,Tragia urens)appearcapableof persistingthrough
periodsof fire exclusionlasting up to 6 yrs, whereasotherspecies(e.g.,Asterspp.,Slylisma
patens)declinerapidly. In contrastto theTigerCornerdata, thesedatafrom theWambaw Study
do appearto indicatethatlong-termdifferencesin fire frequenciesmayselectamongherbaceous
groundcoverspecies.

CONCLUSIONS
Frequentfire is necessaryfor maintainingcharacteristiccompositionandrichnessof longleafpine

groundcover.As foundalsoby AbrahamsonandAbrahamson(1996), declinesinspeciesrichnessduetofire
exclusionor reducedfrequencyof fire arenot reversedby singlefires.

2. Seasonof fire is likely importantfor sexualreproductionof certaingroundcoverspecies(Strengetal.
1993);however,effectsof this factoron groundcovercompositionasa wholemaybevery slowto develop.
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3. Introducinggroundcoverspeciesfrom seedinto undisturbedvegetationappearsto beaslowprocess,
exceptin thecaseof highly competitivespeciessuchaswiregrass.However,outplantingseedlingsis anefficient
methodfor startingorenhancingpopulationsof groundcoverplants,assumingthatasiteis frequentlyburned.
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